Boxelder bugs, Boisea trivittata, are deterred from predation by green anoles (Anolis carolinensis). Hydrodistillation and GC-MS analysis reveals B. trivittata to contain the volatile monoterpene hydrocarbons β-pinene (83.9%), limonene (14.7%), myrcene (0.8%), and (E)-β-ocimene (0.6%). The presence of these antifeedant volatile chemicals may serve to provide some protection of boxelder bugs from predation.
It has been observed that green anoles, Anolis carolinensis, avoid predation of boxelder bugs and that housecats, Felis catus, immediately spit out captured boxelder bugs (W. N. Setzer, personal observations).
These observations suggest that boxelder bugs may have subtle chemical defenses in order to avoid predation. To test this hypothesis, we have collected and hydrodistilled freshly captured boxelder bugs, and we have analyzed the volatile chemicals using gas chromatographic -mass spectrometric techniques. The volatile chemicals from B. trivittata were found to be a simple mixture composed largely of β-pinene (83.9%) and limonene (14.7%) with smaller amounts of myrcene (0.8%) and (E)-β-ocimene (0.6%).
It was previously reported [2] that Anolis carolinensis generally avoid predation of insects that have multicolored dorsal patterns, whether they are distasteful or not. Boxelder bugs have red stripes on an otherwise black body (see Figure 1 ) and have been reported to be "not distasteful" [2] . Furthermore, it has been concluded that A. carolinensis does not discriminate prey based on odor. Cooper and DePerno have found that A carolinensis apparently neither displays an indication of detecting prey odors [3] nor searches for chemical clues (e.g., tongue flicking) to locate prey [4] . Apparently, however, A. carolinensis does discriminate on taste. The lizard avoids Neacoryphus bicrucis, a seed bug that sequesters pyrrolizidine alkaloids from Senecio spp. [5] , regurgitates distasteful grasshoppers, Schistocerca emarginata, that have been reared on a diet of Ptelea trifoliata [6] , and avoids crickets treated with quinine [7] . 
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Palazzo and Setzer Many insect species employ monoterpenoid-based defensive chemicals to avoid predation [8] . The burrowing bug Sehirus cinctus, for example, has been found to emit a volatile secretion composed of αpinene, β-pinene, myrcene, and limonene, when tactually stimulated [9] . Furthermore, anoles (A. carolinensis) as well as starlings (Sturnus vulgaris) and killdeer (Charadrius vociferous) rejected these bugs after initial sampling [8] . The plant bug, Hotea gambiae, emits a defensive secretion containing both β-pinene and limonene [10] .
The larvae of the chrysomelid beetle, Blepharida schlechtendalii, feed on Bursera schlechtendalii and sequester monoterpenes from the host plant. When approached by predators, the larvae regurgitate and release an anal secretion rich in these monoterpenoids, including limonene and βphellandrene [11] . Defensive secretions from the Australian tenebrionid beetles, Titaena columbiana, Kaszaba coerulescens, and Kaszaba corvina, have been found to be rich in limonene and α-pinene [12] . Australian sawfly larvae that feed on Eucalyptus sequester Eucalyptus oil components and regurgitate an oily fluid containing these components that serves to deter predatory attacks by ants, birds, and mice [13] . For example, Pergaprapta latreillei, which feed on Eucalyptus perriniana, and Perga affinis, which feed on E. viminalis, have oral fluids rich in 1,8-cineole and α-pinene. Similarly, larvae of the sawfly Neodiprion sertifer, whose host plant is Pinus sylvestris, discharge a defensive oral effluent rich in sequestered monoterpenoids, including myrcene, αand β-pinenes, and limonene [14] .
Soldiers of the termites Tenuirostritermes, Nasutitermes, Trinervitermes, and Reticulitermes forcibly eject defensive secretions to deter predation [15] . The volatile components of these secretions have been found to include α-pinene, β-pinene, myrcene, and limonene [16] .
Bat-eared foxes (Otocyon megalotis) refused to eat food laced with soldier termite (Trinervitermes trinervoides) extract, although the aardwolf (Proteles cristatus), a specialist termitivore, was not deterred by the defensive chemicals [17] .
Housecats (Felis catus) are known to be especially sensitive to limonene [18] , but other mammals [19] , including humans [20], can develop contact dermatitis from exposure to limonene. Limonene has been used as a chemical dog repellent [21] .
The presence of volatile monoterpene hydrocarbons, particularly β-pinene and limonene, in boxelder bugs, in addition to the demonstrated antifeedant effects that these components have on potential predators, leads us to conclude that the presence of these volatile chemicals serve to provide some protection of boxelder bugs from predation.
Experimental
Insects: Boxelder bugs (Boisea trivittata) were collected on November 1, 2008, in Huntsville, Alabama. The bugs (18.42 g) were killed by freezing at -25°C for one hour and then hydrodistilled using a Likens-Nickerson apparatus [22] with continuous extraction with dichloromethane to give 7.9 mg of a clear colorless oil.
Gas chromatography-Mass spectrometry:
The volatile bug extract was subjected to GC-MS analysis on an Agilent system consisting of a model 6890 gas chromatograph, a model 5973 mass selective detector (MSD), and an Agilent ChemStation data system. The GC column was an HP-5ms fused silica capillary with a (5% phenyl)-methylpolysiloxane stationary phase, film thickness of 0.25 μm, a length of 30 m, and an internal diameter of 0.25 mm. Helium was the carrier gas with a flow rate of 1.0 mL/min. The inlet temperature was 200°C and the oven temperature program was as follows: 40°C initial temperature, hold for 10 min; increased at 3°/min to 200°C; increased 2°/min to 220°C, with an interface temp of 280°C. The sample was dissolved in CH 2 Cl 2 and a splitless injection technique was used. Identification of volatile components was achieved based on their retention indices (determined with reference to a homologous series of normal alkanes), and by the comparison of their mass spectral fragmentation patterns with the literature [23] and the MS library [NIST database (G1036A, revision D.01.00)/ChemStation data system (G1701CA, version C.00.01.08)].
